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(71) We^ Avoo Everett Rbsbaech 
LABOSAiORy, Inc, a Oorpaiatian organised 
and emting under tibe laws ci the State of 
DdawBie; United States of Ameika, of 2385 
Revere Beacli Pkiiicway, Everett, State of 
MassadiQsetts, United States of America, 
do hereby dedaie the inventioQ, for wbkSx 
we pray that a patent may be giantBd to as, 
and the melfaoa by it is to be pear* 
formed, to be paraculady described in and 
hf fbt ftdlowing statement:-^ 

Hie present invention rdales to laser Sjf^ 
tems mat include means for produdng an 
output laser beam having a predetermined 
intoisi^ profile across die laser beam. It is 
eniecia&y weH-snitBd for flie heat treatfa^ 
of target surfaces and pardcolariy for the 
case hardenina of metal target surfaoes. 

Metals are neat treated hi different ways 
fan di&rent purposes. For example, a spring 
is made stronger by heating the spring above 
its critical temperature and ibiea ooolbig it 
A journal or a diaft may be hardened, so 
that it wiU wear better, by a number of 
tfrimimies. One technique is to heat the 
shaft m an atmosphere of selected gas or 
liquid so Oat materials dissolve from the gas 
or liquid m the surface metal of the shaft 
produdng a hard surfiaoe. The depth of this 
hardening dq^ends upon die temperature 
and time of e^Kisure to the atmosphere. 
This is a conventional process and is called 
"'case hardening^'. Three oonunonly used 
types of case hardening are carburizmg, 
mtxidhig, and cyaniding. For example* a steel 
shaft is case hardened by heating the shaft 
in an atmos[Aere of OOj to a temperature 
in the ran^p of 1700'F. and at tiiis tempera- 
ture exposing the shaft to the CD, gas for 
a period of an hour oc two and then quench- 
ing the shaft Mnute amounts of carbon are 
liberated on the surface of the hot metal 
and dissolve in die metal. Upon quenching^ 
the carbon becomes part of the crystalline 
structure of die metal at die surface. 

CSase hardeung can also be acoonqilished 
by induction heating. An induction cofl en- 
closing die metal i^ece ao be case hardened 



jpdnftfff an dectromagnetic field and the 
cuirentB in die metal diat flow just along 50 
the surface and so the surface of die metal 
piece is preferentially heated. If the surface 
Ib thusly heated above die critical tempera- 
ture and then the piece is quenched, die 
surface only of the metal piece becomes 55 
hardened. Oeady, the conventional tech- 
niques for case haTdenftigi viiedier heating 
a metal j^eoe in a selected gaseous atmo- 
q^heie as ui the caiburizmg case harding 
process, or by sdectivdy heatmg anfy die 60 
surface of die pleoe by induction are quite 
limited as to die shape and size of the 
pieces that can be case hardcaied. For ex- 
am]^ it would be most difficult to harden 
only sdected portions of the surface of a 65 
shait wMwg eimer tiie caiburizing technique 
or die induction heatbg technique. Thu^ 
by these conventional terhnignes, odd geo- 
metries or selected portions en a piece can- 
not be preferentiufy hardened. Birdier- 70 
more^ the ability to control die dqpdi of fee 
case hftrfffnfaig whether using the carburizr 
fflg technique or the mduction heathqg tecb- 
nioueis ouite Ihniled. 

Recent, it has been proposed to sdeo- 75 
tivdy heat the surface of a metal piece by 
directing a hj^ power laser beam to fee 
surface over areas of the surface vAidi are 
treated wife a material sdected to absorb 
the energy of tiie beam. The advantages of 80 
this technique are dut selected areas of fee 
surface of fee metal fueoe can be coated 
wife fee material so diat when fee beam 
sweeps the surface of the metal piece only 
feose areas covered wife fee material wiD 85 
be heated. The scanning laser beam aeleo- 
tivdy heats tlie surface of die metal piece to 
a temperature above die critical tempera- 
ture without raish^ fee bulk tempoature of 
die piece to cause any seriras distortion or 90 
odier adverse effects of heatfaig. The beam 
may be contrdled to heat the surface of die 
metal piece above fee critical temperature 
to a dqpfe of only a few thousandths of an 
indi or less. Thereafter* the quenching of 95 
the surface occurs by conduction of heat out 
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of tiie sartaot into tiie base metaL Since the 
surface layer heated by the laser beam is 
80 shallow fl» conducllQa queodi rate Is 
vayfast 

5 Typically* a hi^ power laser beam is a 
pencu beam that is veiv small in diameter. 
The intensity distxibutfon across tiie dia- 
meter of tills beam, also caDed the intensity 
profile <x intensity shape of the beam de- 

10 pends very much on the type ct laser. A 
common profile or beam shape is a Gaus- 
sian shape and in some lasos the pencil 
beam is annular and so hi that case* oe In^ 
tensity profile is U-shaped. Clearly, whether 

15 the beam shape is a Oanssian shape or U- 
diaped, anv diange in the dianicteristic 
dimension by. for example* f ocosmg the 
beam* only changes the size ci the cross- 
sectica of die beam, but does not necessarily 

20 diango the beam intensiW distribution. U 
the sweephg laser beam directed to the sui^ 
face of a metal piece has a distfaict Gaus- 
sian ^pe^ it is quite dear that die heatmg 
of the mdal suixace at the center of die 

25 beam will be much more intense dian the 
heating along the edge of the beam. When 
such a beam swec^ repeatedly across die 
metal surface* as m a raster-^pe scan of 
the surface, and when the beam scans do 

30 not oveilap* the surface is not heated uni- 
formly and so the depth of hardening will 
not be uniform dirougbout die area 61 the 
metal surface ^rmtJi by the laser beam. 
On die other hand, if the rqwated scans of 

35 die laser beam cm the surface of die metal 
oveds^, die pordon of a ^ven scan whkh 
is overlapped on die next scan of the beam 
will cool somewhat between the scans and 
so either will not be heated suflkiendy to 

40 raise the temperature above the critical tem- 
perature or the rdieadng by the subsequent 
scan will aneal the metal at the surface 
wheie the rqieated scans overlap and so 
ne^te the hardening effect at the oveilap- 

45 pfaig areas. The result is that hardening of 
the scanned metal surface is not uniform in 
hardness nor in dcpfh of hardcnhig. 

One ^ype of bi^ power lasa* is a flow- 
ing gas^ dectron beam eaer^uod COt laser. 

50 A laser of diis type is described hi United 
States Patent Na 3.702,973, published on 
November 14, 1972. Sudi lasers produce 
an ftnniiinr pencil beam ol power on die 
order of 10 Idlowatts and so these lasers 

55 are suitable for heating a surface of a metal 
piece to case harden me surface. Hie beam 
firom diese lasers is annular in shi^ except 
at die focal pomt of the beam where me 
beam characteristics are dmt of a Fraun- 

£0 ho&r diffraction pattern with a central caro 
containing anywhere from 10 to 80% of the 
power of die beam, die renuunder of die 
beam power bdng located in concentric Airy 
rims around die oodral core. The intensity 

65 distributioa at locations of flie beam odier 



than the focal pcint depends upon die beam 
divergence angle and die annular ratio. 
However, in general, the hitensi^ distribu- 
tion or profile of diis beam always omtauis 
rings around a central maximum as wdl as 70 
die possibili^ of a depression in die middle 
of me beam due to die near field annular 
characteristics of the beam, hi all cases the 
intensity distribution or shape of the beam 
depends <m the type of laser oscQlator that 75 
is used and on the location along the beam 
relative to the focal point Most often, how- 
ever» die mtcnd^ profile is not ideal for 
uniformly heatmg me surface of a metal 
piece to case harden the surface. It is one 80 
of die aims of the present hivention to pro- 
vide a tedmique for produdng a laser haasL 
of controlled Intensity profile diat is tailored 
to a desired shape in view of die use of die 
beam diat is mtended. SS 

Accorduig to the invention there is pro- 
vided a laser system comprismg means for 
producing an output laser beam having a 
nredetenmned intensiQr profile across the 
laser beam, reflector means for receiviiQ 90 
and reflectiu said otttait laser beam, means 
for rtpeatedqr ipatiafly oscillating said re- 
flector means over a given reflector spatial 
padi at a predetennined rate so that die onU 
put laser beam reflected by said reflector 95 
means is qpatially oscillated over a laser 
beam path, and means having a blockipg 
aperture for bloddng at least a pcnrtionol 
said spatially oscillated laser beam wtmby 
the average radiation intensity at pomts 100 
along the unblocked p<^on of said laser 
beam path of the spatially osdDated laser 
beam esiting bom said bloc^ng apertore 
defines a controlled intensity profile v^ch 
is different from said predetermined intensity 105 
profile. 

The means provided for spatially osdlla^ 
ing the reflector means and thus the bi^ 
power laser beam may also be rtkmi to 
as means for dltiiering die beam. Tlie spatial 110 
osdllation of the beiSn may be cfaaraSeris- 
tically sbinsoidal or sawtoodi or a sqpiaro 
wave or any otiier particular diaiactcristic 
may be sdected The purpose of die spatial 
osoHation or dithering ot the beam is to 115 
produce an average intensity of radiatimi at 
each point across die qatial omfiguration 
diat is swept out by the dithering beam and 
so provide a controlled intensity profile of 
die didierhig beam. Qeariy. oe intensity 120 
profile of the dithermg beam d^ends upon 
the intensity profile or die shape of the mi- 
tid beam mi die characteristic oi dither. 

In a particular embodiment of the present 
invention which is described herein, me ini- 125 
tid las^ beam has an approximate Oaus- 
sian distribution at its fb^ point and die 
spatid oscniati<m or dithering is gmnj^dal. 
Moro particularly, die didiermg is produced 
by a pbdn ndrror osdIIatBd bade and tedi 130 
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on aa axis paxalld to the plane of the mir- 
xor and transverse to the plane of Ae di&er 
or spatial osdDatian. The cross-section di- 
mensions of tiie dithered beam produced t>y 
5 this structore is substantially greater than 
the initial b«an and when projected on the 
target, sudi as the surface of a piece of 
metal to be heat treated, the ditiiamg beam 
covers an area at least 3 times as large as 
10 woidd be covered by die same beam were 
it not ditiiered. The rate of tiie diflier is 
snflSdent^ that tiie metd surfoce does 
not respond to the hi£^ speed motion of tiie 
beam, but responds ao tiie avera^ intensity 
15 of tiie beam at each point of projection of 
the dithering beam on tiie metal surbce. 
In the case where tiie initial laser beam has 
a Gaussian intensity profile and tiie dither- 
ing is sinusoidal, tiie average intenaty at 
20 each point across the dithemg beam pro- 
jected on the metal surface tends to be flat 
in tiie center r^on, but witii sharp spikes 
at each of the oppodte ends. These spikes 
or wingSp can be removed by a blocking 
25 aperture between the ditfaeriiig mirror and 
the metal sorfiace. The sharp edged beam 
which exits &om ttie bloddng aperture can 
be im^ed on tiie wc^qpiece by a suitably 
arranged set of hnaging optics. The result- 
30 hig intensity profile of the ditiiering beam 
on tiie metal surface is then like a square 
wave bdng flat on top and dropping sharply 
at the ed^ This is an ideal mteiuity pro- 
file for sweeping a metal surface with ad- 
35 jacent contiguous sweeps to uniformly heat 
tiie sui&ce over tiie area smpU line after 
line^ by the dithering laser beam. A similar 
treatment of annular beam produces ana- 
logous results. 
40 iFor particular applications, it may be pre- 
ferred that tiie intensity profile across the 
dithered laser beam be omer tiian a square 
wave. For example; it may be preferred that 
tiie intensity profile across tiie ditiiered 
45 beam be a sawtooth shape. In that case, tiie 
ditiier would not be smusoidal, but have a 
wave shape selected to cause the laser beam 
to spend more time on one excursion of 
each cyde oi ditiier tiian on the opposite 
50 excursion. The intensity profile of tiie di- 
tiiered lastf beam could also be made sub- 
stantially annular in shape by usbg two 
dither mirrors ortiiogonally orient and 
driven in proper phase quadrature so tiiat 
55 tiie laser beam is ditiiered by dri^dng it m 
a cirde, or in otiier Lissajons patterns. 

Jn Older tiiat tiie invention may be more 
fulty understood, it wOl now be described 
in coniunction with the accompanying draw- 
fiO inys, in whidi: 

Fismre 1 is a diagram of an optical sys- 
tem for dithering a laser beam, shaping the 
intensitv profile of the dithered bciun..and 
sweeping tiiejiithfflTsd bftam^b adc and fpr tii 
65 across a moving mApisGei 



Figure 2 is a pictorial view of part of tiie 
system shown in Figure 1 to show the rda- 
tive directions of tiie ditiier, the dithered 
beam sweep and the movement of tiie work- 
piece; 70 

Figine 3 shows a typical intensity profile 
of a hi£^ power laser beam having a Oans- 
sian distribution: 

Fkure 4 shows the intensity profile across 
the difliered laser beam and a portion tiien- 75 
of "vritidi is blodttd by an apoture between 
tiie ditiiering minor and tiie workpieoe and 
the sinusoidal spacial oscillation that pro- 
duces tids ditiimd beam intenaty pnmles 

Figure 5 shows a sawtootii shaped inten- 80 
sity profile produced by the same beam as in 
Figure 3, but ditiiered using a non-smu- 
soidal dither characteristic; 

Figure 6 shows a typical intensity profile 
ot an annular or hollow laser beam; 85 

Figure 7 shows a graph of hardness venus 
depth for a spedmeu of cast iron; 

Figure 8 shows a tx^ hat shaped intensity 
profile of a ditiiered laser beam using a 
sinusoidal ditiier characteristic; 90 

Figure 9 shows a laser beam profile and 
X and Y or double ditiier directions; 

Figure 10 shows a diagram and pictorial 
view of a double ditiier system; and 

Figure 11 shows a gimbal structure for 95 
sweeping a sin^^ or double ditiiered beam 
across tiie worlq^ece in any desired pat- 
fem. 

The high power laser used in the first em- 
bodiment of tiie present invention nrovides 100 
a. diverging annular laser beam oiveis^ 
from a f ow point located at an aerodyna^ 
mic window which isolates the laser struc- 
ture from the extenud optics shown in 
Figure 1. The laser beam 1 within the laser 105 
enclosure is focused at point 2 in the aero- 
dynamic window 3. The focal point 2 is tiie 
primary focal point and is re-motaged bv an 
external mirror 4 as a much larger focal 
point located at position 5 called the secon- 110 
dary focal point Mtwecn tiie reCocnsfaif mir- 
ror 4 and tiie secondary focal point is the 
ditiier mirror 6 wiiidi is mounted on a 
torsion bar ot other spring or bearing mount 
7 and made to vibrate at a presdected fice- 115 
quency which may be tiie natural vibration 
frequency of tiie torsion bar or spring by 
electramedianical drive apparatus 8. The 
dither drive is such that tiie dither mirror 
6 vibrates about an axis 9 substantially m 120 
the plane of the mkm and transverse to 
tiie incident laser beam focused by mirror 
4. Thus, the beam from the ditiier mirror 
spatially osdUates or ditiiers on an arc Ihie 
which is transverse to tiie plane ot the draw* 125 
ing in Figure 1. 

The dithering beam from mirror 6 passes 
through an aperture 10 at the second focal 
point 5, and then to a second focusing mir- 
ror 11 and fnm tiiat to the sweep mirror 130 
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12 that relatively slowly oscillates on its 
axis 13 as it is dnven by mechanism 14 
and causes the beam to scan back and forth 
over an aic 15. The sweq) rate of minor 

S 12 is much slower than the dither frequency 
of minor 6. The ana 13 of minor 12 may 
be transverse or paralld to fhe plane of die 
drawing in Figure 1. 
The sweep rate of minor 12 is synchro- 

10 nized the movement of the woxkpiece 16 to 
whidi lbt dithered beam is directed. This 
sgmdmmism takes into account also tiie di- 
mensions the ditiiered beam as projected 
on Hbo wodbiiieoe. This is shown m Figtne 

IS 2 vMA. is a pictorial view of focudng mir- 
ror 11, sweep minor 12 and die wormece 
Ifi. Hie beam from the sweep mbior 12 is 
painted across a target area 17 on the work- 
piece. The woifcpiece is moi^ bi fte dlrec- 

20 tion of arrow 18 which is peipendicidar to 
tiie direction of sweqi of the dilfaered beam 
and is paraSd to tlie dither direction repre- 
sented by arrow 19. By suitable adjustments 
dt die magnitude of the dithered spot; rq^ 

25 sented by the dongated spot 21. the 8weq> 
rate of the swe^ nurror 12 and tiie vdod^ 
of the worlqneoe in die dbecdon 18. com- 
plete coverage of the scanned area 17 of the 
woxkpiece is acomiplished. This coverage is 

30 shown in Figure 2 by the solid line traces 
22 to 25 which are side by ride scans of die 
didiered laser spot 21. Each of these scans 
begins at the lower end such as the lower 
end 26 of scan 25 and proceeds upward and 

35 slighdy to the right so that this scan ends 
at the position of die dithered spot 21. The 
didiered beam dien very abrupd^ 8wing3 to 
the bottom position as at 26 and is ready for 
the next upward scan. The abrupt retrace 

40 Unes from each of the ade4>y4ide scans 
to the next scan are represented by broken 
lines 27. Qearly, the scanning didiered spot 
21 from mirror 12 omdnually scans the 
same spatial arc ignresented by arc Une 15 

45 and diis scan is from die dithered beam 
posotion 31 to 32 at a predetermined mte. 
In order to provide the side-by-side conti- 
guous scans 72 to 25 shown m Figure 2, the 
scanning time of die dith^pd beam from the 

50 bottom to the txip of each scan, times the 
velocity of the workpieoe in the direction 18 
should equal the widdi D of the didiered 
laser beam. Fiirthennore; the beam must re* 
trace from the top end of die scan to the 

55 bottom in readmess for die next upward 
scan in a period of time much shorter than 
the scan time, so tliat the worlq)i6ce 16 has 
not moved significandy. At die same time, 
the dithered laser hcam must not retrace, 

60 move across or overlap a omipl^ed scan 
exoqpt at very hlpSi speed, much higher than 
the scan speed. Some techniques for accom- 
plishing ms are briefly as follows: (I) As 
shown in Figure 2, the dithered laser beam 

65 can be blaxdced or blodced during the re- 



trace. Q) Widiout blanting die beam, the 
retrace can be at very high soeed compared 
widi the trace, so die additional radiant 
energy delivered to each trace area by the 
retrace beam is insignificant This fast re- 70 
trace can be aocompushed by an appropri- 
ately shaped cam 41. An exan^ple A such 
a cam shape is an Archimedes spiral, which 
movides a lii^ar sweep, with a last retrace. 
When a fast retrace is used, gears 48 and 49, 75 
shaft 47 and disc 38 are not necessary and 
may be omitted. (3) The slow scans followed 
by &st retrace may be syncfarcmized widi 
intermittent motion of the woiiqiieoe in die 
direction 18 so diat the wori^lece moves 80 
relatively dowly during a scan and moves 
rapidly during retrace with the result diat 
the scans are side by side and contiguous 
as shown in Fkure 2. (4) The sweep minor 
12 and die dnve 14 for fhe sweep minor 85 
may be si^ diat die spadai are famed 
by the scannhig didieiea beam dudog re- 
trace may not be die same as die are swung 
by the beam dming a scan. For ffsramplt; 
the sweqp mirror IZ may tflt on its axis 13 90 
to produce a scan such as scan 25 from die 
bottom 26 to the top at 21 of the scan and 
dien die mirror 12 wonid tQt about anodier 
axis or die axis 13 would shift and the mir- 
ror 12 quickty tQted about die new axis to 95 
produce fhe retrace 27. (5) The f ocnsinn 
mirror 11 coidd be tSlted about an axis 35 
in a directfam indjcated by arrow 36, just 
during die retrace ^de so as to return die 
didiered beam at the end of retrace to die 100 
bottom of the scanned area contiguous and 
alonagiife the previously complmd trace 
and m readiness for tlie next traooL At diat 
point fhe focus mirror 11 would be 
turned to its initial position durii% die next 105 
scan by sweep minor 12. dearly, this tedi- 
niqne requues a qfndironism between die 
dnve to fbcos mirror 11 and die drive to 
the sweqp mirror 12, 

TES is but one ctf die tedmiqnes that 110 
could be employed to insure that the area 
covered by each niocesave scan of die di- 
thered lask* beam, such as scan 22 to 25, 
recdves uniform faltBnsi^r laser radiation 
throujbout and so that the surftoe of die 115 
worli^iece so scanned is heated nnfformly to 
a uniform deptti by die cM"wifag didiergd 
laser beam. Figure 2 shows mechanical struc- 
ture driven in synchronism widi die drive 
medianism 14 that drives die sweep minor 120 
12; for Uoddng the dithered laser beam be- 
tween the aperture 10 and the focusing mir- 
ror 11 so mat the beam is blocked dnrhig 
retrace or at least immediatelY foDovong 
the high sp^ retrace ttx a period of thne 125 
suflBdoit to allow the woriqpiece to shift 
until the beam is ready to oegm anodier 
trace. This medianism, denoted generally 
37, indudes a blanUng disc 38 that is ro- 
tated in ^yndnonism with die drive 14 for 130 
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die sweep minor 12. The^^veJ^jofiJiides 
a drive motor 3 9 driving a cam 41 in con- 
tactJBaE^] jWee iJ Tx Aa er ^ tod 42. In 
emgationTirttgrc am i » Ugc a in the direo* 

5 lion of anow 43, the tilt rod 42 moves back 
rad forth tQtim the mirror 12 agsonst fiie 
action of d» mmtor ^ing 44. The position 
ot dus cam shown in rigiire 2 is at tlie end 
of a scan widi the titt rod 42 at llie st^ 

10 45 of the cant When the cam rotates 
tfarougji this step, the minor 12 very ab» 
xupt^ swings die beam from the top of tlie 
scanned area 17 of the workpfece to the 
bottom over tte retrace path 27* Scanning 

15 then stops wUle the woriqneoe moves 
dently to place tiw diflimd beam at tibe 
proper poatian for the next scan and dnr^ 
fflg Ihis pause the beam is preferably blanked 
80 that It does not oontinne to play on one 

20 area <rf the wixl^iece b^ore commencing 
the next scan. The beam is blanked dorfaig 
die period by die blanking disc 38 which 
rotates on a shaft 47 with gear 48. Gear 
48 is driven by bevel gear 49 on the shaft 

25 from cam 41. As the cam rotates in the 
dhn:tion of 43, die banking disc 38 rotates 
in Ae direction 5L The syachronism is sudi 
that at or immediately foDowing the tilt of 
the smep mirror 12 at retrace, the disc 38 

30 blanks me laser beam dnring the f oUo^g 
i cyde of rotation of the cam at ^lidi time 
die beam is tiien at tfae^ bottom of die 
scanned area of the woriqpiece and in posi- 
tion to oommenoe die next sweep. 

3S The average intensity gradient across the 
didierod laser beam (across die dimension 
D of the ditiiered beam) is detennined prin- 
cipally by the wave form of die didier cyde 
that drives the mirror 6. As lias been des- 

40 cribed above, diis average intensiW profQe 
also dq)ends upon the profile of the initial 
laser b«un. As a rule, however, the average 
intensity pioMe across the dithered beam 
esdbibit peaks or wing^ at the ends and 

45 diese are imdedrable where tiie purpose of 
the dithered beam is to swegp a pattern 
on a worimiece as shown in Figure 2 and 
produce unif om heating to a uniform depth 
m the swept area ol die woitoiece. These 

SO wings or peaks shown as 55 in rigure 4 can 
beUod^d by die aperture 10. This aper- 
ture can be made variable and so adjust- 
ments can be made in each case by varying 
this aperture to tailor the intensity profile 

55 of the didicxed beam. 

The didiered beam inten^ty profile shown 
in Figure 4 is accomplished usmg an initial 
beam having an approximatdy Gaussian in< 
tensity pit^ dithered a distance about 5 

60 times die initial beam diameter and the di- 
ther wave form characteristic is dnusoidaL 
If tiie natural spot size of the laser beam in 
the system shown in Hgures 1 and 2. as die 
beam is projected on the workpiece widi- 

6 out dither and without sweep, is on die 



order of 3/16 of an indi in diameter, then 
the dimendcm D of die didiered beam on 
the woikpiece would be on the order of 
one hidt In diis case^ the total dhnenidon 
of die didier widi tiie aperture 10 removed 70 
would be ffreater than one incfat beca u se 
die aperture removes die end intendty peaks 
ofdie didiered beam shown in Flgm 4. 
Tbm, where the spatial patii is an arc of 
an an^ the leqgdi D of Oe arc at a target 75 
surface is at least twice tb» diameter d of 
die beam at die target surfaoei 

White a beam having a Gaussian fatensHy 
has been shown by way of cimmnK it b to 
be understood that die invendon is not 80 
limited to beams widi sndi an intensity dis* 
tribution. Tbos^ an annular beam having an 
intensity profDe shown in Figure 6 m«r be 
didiered to provide at least subslantiaqy tt 
not exacdy tiie same profile as tiiat shown 85 
and descrmed in F^gnre 4 

As an example of one use of the structure 
shown in Figures 1 md 2, consider a workr 
piece whidi is cast inm and tiie target is a 
smoodi surface area of tiie cast iron coa t ed ^ 
widi a material such as manganese jAm- 
phate which is hidifo absorptive of 10.6 
micron radiation. S me initial laser beam 
is a continuous wave beam at 10.6 microns 
wavdengdi, from a laser svstem such as 95 
referred to hereinabove and the beam power 
is about l(Hcw. die ditiier frequency is 300 
cydes per second and the sweep speed or 
vdodt]^ across the wcnlqpiece surface is 
approximatdy 200 inches per minute^ there 100 
results a sutetantial hardeuing of die sur- 
face. For example* if die hardness of die 
sur&ce of the cast iron was about 30on die 
Rockwell C scale before this treatment aftor 
the treatment the sur&oe hardness is found 105 
to be increased to 55—60 on die same Rodc- 
wdl C scale and this is about as hard as tliis 
material can ever be made. A graph of hard- 
ness versus dq)th in sudi a cast iron sur- 
face is illustrated in Figure 7. As can be 110 
seen, die hardness extends into die surface 
of a dimension of approximatdy 0X)15 
inches. This treatment requires no quendi- 
ing because only a very small bidk of the 
cast iron is heated above the cast iron cri- 115 
tical tonperature and sbce this heated bulk 
has a very large surface to volume mtio, it 
cools very rapidly after the beam passes and 
so a surrace hardness is achieved which is 
as hish as achieved heretofore udng con- 120 
ventional tnchniqnes for heating followed by 
quenching. 

The intensi^ profile of die didiered beam 
can be tailored to have just ^>out any diape. 
The controlled intensity profile shape shown 125 
m Figure 4 is useful for heat treating a metal 
snr&ce to harden die sur£Eioe unif omdy just 
as described herdn. The dithend intenaty 
profile could be tailored to have tiie shape 
shown in Figure 5. This yidds an approd- 130 
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mateljr sawtooth or ramp shaped profile 
whea the wkap at the ends are blocked by 
an aperture. For example, instead of driving 
the dither mirror in a sinusoidal fashion. 
5 whidi tends to have a low point In the 
niiddle and peaks at the edges* the approxi- 
mately sawtooth profile shown in Figure 5 
can be gBoerated with appropriate mirror 
bearing mounts and signal fonnmg networks 
10 for energidng an dectromedimilcal actuator 

Siladns ttie torsion bar 7 and mecAoniod 
ve 8 for the toracm bar. For example* tbe 
dither minor 6 could be mounted on a io» 
tating bearing; and driven direct by an 
IS dectromechanical actuator which is ener^ 
gteed by electrical pulses from tiie netwoiii; 
these pulses being preformed as necessary to 
pidd die desired dither qyde. As a fiirdier 
exam^ the top-hat shaped dither beam 
20 intensity profile shown in rigure 8 could be 
achieved usnig a specially shaped enogiztng 
pulse witti impulses at each end. This would 
cause die dectromedianical actuator to 
drive dio dither minor 6 so that the mirror 
25 would change direcdons from dockwise to 
coanttfdodcwise venr rapidly and then 
maintain ocmstant veiodty through further 
rotation of the mirror m com^ting die 
didier cyde. 

30 The tedmiques described above provide a 
ditfaeced laser beam where the dimer is in 
one dhection tliat is transverse to the beam, 
and the dithered beam is caused to sweep 
a woritpieoe transverse to the dither direo- 

35 don. The beam can also be didiered in two 
orthogonal direcdons as shown in Figure 9 
ndng two orthogonally oscillated dither xmr- 
xors as diown in Figure 10 and so provide 
at die surface ct a woricpiece a large beam 

40 area of substantially flat intensity profile 
across die beam area in any direcdon. 

The mtem in Figure 10 indudes a por- 
tion of me system shown m Figure 1. It in- 
dudes the aerodynamic window 3, focus- 

45 ing mirror 4 and dither mirror 6 mounted 
on tordon bar 7 driven by actuator 60 so 
diat diis mirror vibrates about axb 9. This 
is the X didier system denoted generally by 
61 and produces at 622» a beam didiered in 

SO die X direction. A shnOar didier system, 
the Y system, denoted generally (S3, dithers 
tiie beam in the Y direcdon so that die 
double didiered beam 64 projected cm woric- 
pieoe 65 produces a large spot 66 which is 

55 substantially larger hi bodi die X and Y 
direcdons than tiie undidiered beam spot 
size projected on tlie workdece; denoted 67. 

Ine V didier mtem G indudes didier 
mirror 71 mounted on taraon bar 72 driven 

60 by die Y actuator 73 so diat dils mirror 
vibrates about axis 74 The axes 9 and 74 
are here called the X and Y axes, respeo- 
tivdy. In dus system as shown, the X and 
Y actuators 60 and 73, respectivdy are not 

65 ^chronized and are eneigized by different 



pulse diaphig netwo&s 75 and 76L respeo* 
tivdv. 

The rdadvdy large substantially rectan- 
gular or square shaped spot 66 is produced 
when the X and Y oscillators 77 and 78 are 70 
at diSer^t frequencies and so are not syn- 
dironized. If mese osdllaton are replaced 
by a smgle oscillator 79 which feeds both 
t& X and Y pulse networks, die shape of 
die didiered spot projected on die worimece 75 
win dqpend upon the phase idt osdHation 
of each of tiie didier mkrars 6 and 71 as 
wdl as tbe amplitude of didier. 

For examde^ ^ere a dog^ osdDator is 
used (die X and Y fiequencfas are equaQ 80 
and Ae didier mirrors are osdOated in 
phase quadrature and equal amplitudes* die 
projected spot will be a ring* m die same 
case X9hm amplitudes are not equal, tbe 
spot win be an ellipse. Where one fteauenqr 85 
is twice die otiier. the spot can be In the 
shape of a figure d^t Oeaxly, by varying 
the X and Y dither firequencies. amplitude 
and phases aU die weu4mown Ussajous 
figure shapes can be produced and pro- 90 
jected on the woikpieoe. The douUe didier 
(didier in two orthogonal directions) could 
also be achieved umg a single diduar mir- 
ror mounted on a double gimbal widi the 
X drive apparatus drivmg one gfanbd axis 95 
and the Y'^drive apparatus driving die other 
gfanbd axis. This structure is shown m 
Figure 11. The double gunbal 80 indudes 
an outer gimbal gl and an inner dnibal 82 
pivoting aa axle 83 supported widiin ffm* 100 
bal 81. The didier minor 84 pivots on Y 
axle 85 snppcffted within dnibal 82. The X 
drive 86 drives the inner ^inbal vrith remct 
to the outer hi oscfflatjon and die Y drive 
87 drives the mirror hi osdOation widi rea- 105 
pect to die inner gimbal. 

The two systems of dithering diown in 
Figures 10 and 11 could be used in combi- 
nation. In one embodhneat. die ^tem of 
Figure 10 would produce a douUy didiered 110 
beam which would be swept over the wodc- 
piece in aov desired pattern by the system 
diown m Figure 11. In anotiier embodhnent; 
the system diown in Figure 11 would i»o» 
duce die doubly dithered beam while die 115 
ffvstem of Figure 10 would sweep the de- 
sired paltem over die workfdece. 

The various embodiments of die present 
invention described heidn aU make use of 
the same techniqne whidi is to didier a 120 
lasa beam and so broaden the hser spot 
producing a controlled intensity profile 
across the broadened spot This techniqne 
as incorporated m die structure described 
herdn is useful to heat treat a metal sur- 125 
&ce to harden the surface. Other tedmiques 
to dither die laser beam in one or two dire^ 
dons and to sweep the dithering beam across 
a target or to project a stationary didiered 
beam on a target could be employed widi* 130 



7 



7 



out deviating firom tiie scope of die inven- comprising means for spatially sweeping SO 

tion as defined by the appended claims. said spatisJly osciOated laser beun. 

8. A laser system aoootding to daim 7. 

WHAT YfB CLAIM IS:— wherdn the directions of spatial oscillation 

S , of the laser beam and qpatial swe^ fbsttot 

L A laser system comprising means Sat are orthogonal to each other. SS 
producing an ou^ laser beam havhig z 9. A laser system according to daim 8, 

predetermined intensity profile across the herein die amplitude of said spatial swero 

user beam» reflector means for receiving and is snbstantiaHv greater tiian the aniplitunft 

10 refiectim; said outout laser b«un, means for cS said spatial oscillation. 

repeatedly spatialfy osdllafing said reflector 10. A laser system according to dahn 60 

means over a fljven reflector spatial pafli at 1, wherein the means for spatidly osdDat- 

a predetermined rate so that file ou4)at laser ing uidodes means for spatially osdflat* 

beam reflected by said reflector means is ing the reflector means in eadi d two snb- 

IS spatially osdDatd over a laser beam pafii, stantially orfiiogonal direetiona. 

and means having a blod±ig raerture for IL A laser system acoordtag to daim 6S 

blodring at least a portion of said spatially 10, wherefai the spatial osdllations of fiio 

oscfllated laser beam hereby tiie average reflector means in the two directions are at 

radiation intensity at points along fiie un- diGhrent freqaendea^ so fiiat fiie oantrolled 

20 blodced portion of said laser beam path of intendty profile across the qpatial^ osdl- 

tiie spamdiy oscillated laser beam exiting lated beam is produced in botii said direo- 70 

from blodmg aperture defines a con« tions. 

troEed intenaty profile whidi is different 12. A laser system according to daim 
from said predetermined intensity profile. 10. wherein tiie spatial osdllations of tiio 

2S Z A laser system according to claim 1. reflector means in the two directions are at 

wfaerehi file laser beam path is an arc of tiie same trequendes and in phase qoadrar 7S 
gLven angle. . ture. so fiiat the spatially osdHatieo beam 

3. A laser system according to daim 2, is annular in eross^sec ti on. 

wherdn tiie spatial osdUation of the laser 13. A laser system aocordfaig to claim 
30 beam is finnn one end to tiie otlier of said 10, wherdn the reflector means hidndes a 
arc and from the said other to the one end mirror mounted to tiie hiner gimbal of a 80 
thereof. double ^bal said means for spatially osdl* 

4. A laser system according to claim 3, lathig compriring drive means at the gfanbal 
\^erdn tiie spatially oscaUated beam is im- axes for spatially oscillating tiie mirror in 

35 pinged imon a targ^ surface for the purpose eadi of tl^ two orthogonal directions. 

of uniformly irradiating said surface. 14. A laser according to daim 1. vidiere- 8S 

5. A laser system according to daim 4, in the spatially osdOated beam is imphxged 
wherefai the lengtii D of said arc at tiie tar- npon a metal surface for tiie purpose A case 
get surface is at least twice the diameter d liardening said surface. 

40 of tiie beam at tiie tiurget sur&ca IS. A laser ^tem. constructed and 

6. A laser system according to daim 1» arranged substantially as hereinbeforD des- 90- 
wherdn tiie spatially oscillated beam is im- cribed witii ref er^ce to and as filnstmted 
pinged upon a target surfooe for the purpose in tiie aocmipanyi ng drawings. 

of unifoQcmly irradiating said surface said LANGNER PARRY, 

45 means for bloddng bdng along tiie patii of C3iartered Patent Agents, 

said spatially osdllated beam between tiie OiicfaestBr Houses 

means for spatially oscillating and tiie tar- 278—282 Hi£^ Holbom, 

get surface. Londcn, W.Cl. 

7. A laser qistem accordmg to dahn 1. Agents for the Applicants. 
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